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[57] ABSTRACT

Proposed is a method for bonding of a ceramic body and a
metallic body at a relatively low temperature not to cause
substantial deformation or material degradation of the
ceramic and metallic materials. The surface of the ceramic
body is first irradiated with laser beams in vacuum so that
the inorganic non-volatile constituent of the ceramic mate-
rial, e.g. silicon when the ceramic is silicon nitride, is
isolated on the surface of the ceramic body forming a layer.
Thereafter, the metallic body is brought into contact with
and pressed in vacuum against the thus laser beam-irradiated
area of the ceramic body under an adequate pressing force
and at an elevated but relatively low temperature which is,
for example, not higher than 0.5Tm °C., Tm °C. being the
melting point of the metallic material, so that the ceramic
and metallic bodies are firmly bonded together. It is prefer-
able that the surface of the metallic body is subjected
beforehand to an activation or cleaning treatment, for
example, by the bombardment with ion beams of an inert
gas, e.g., argon.

2 Claims, 2 Drawing Sheets
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METHOD FOR BONDING OF A CERAMIC
BODY AND A METALLIC BODY

BACKGROUND OF THE INVENTION

The present invention relates to a method for bonding of
a ceramic body and a metallic body. More particularly, the
invention relates to an efficient method for firmly bonding a
ceramic body and a metallic body to prepare a composite
member consisting thereof having usefulness as a structural
or functional part of various machines or electronic instru-
ments without destroying the excellent properties inherent in
the ceramic and metallic materials.

Needless to say, modern machines and electronic instru-
ments are constructed sometimes by using a composite
member which is a conjoined body of a ceramic part and a
metallic part having quite different mechanical, electric and
chemical properties from each other. Several methods are
known for bonding a ceramic body and a metallic body to
prepare a composite member thereof including a method by
the use of an organic adhesive, a method for bonding by
means of a brazing alloy, a method of direct bonding at a
high temperature and under a high load, a method of
frictional welding and so on. Thesé conventional bonding
methods are each not quite satisfactory in one or more
respects. For example, the method of using an organic
adhesive is defective in respect of the low adhesive bonding
strength or low heat resistance of the adhesive. The method
using a brazing alloy has a problem because the brazing
alloy usually contains a flux which is sometimes corrosive
against metals. The direct bonding method at a high tem-
perature under a high load unavoidably has an adverse effect
of deformation of the ceramic and metallic bodies and
degradation of the properties thereof.

SUMMARY OF THE INVENTION

The present invention accordingly has an object, by
overcoming the above described problems and disadvan-
tages in the prior art methods for bonding a ceramic and
metallic bodies, to provide a novel and improved method for
efficiently and reliably bonding a ceramic body and a
metallic body with a very high bonding strength and without
deformation or a degradation in the inherent properties of
the ceramic and metallic bodies so as to give a composite
member consisting of the ceramic and metallic parts con-
joined together.

Thus, the method of the present invention for bonding of
a ceramic body and a metallic body comprises the steps of:

(a) irradiating the surface of the ceramic body in vacuum
with a laser beam so as to isolate an inorganic or metallic
non-volatile element which is a decomposition product of
the ceramic material in the form of a layer on the surface of
the ceramic body; and

(b) pressing the metallic body in vacuum at a specified
elevated temperature against the surface of the ceramic body
covered with the layer of the inorganic or metallic non-
volatile element as the decomposition product of the ceramic
material under a pressing force to effect pressure welding.

It is preferable in performing the above defined inventive
method that the surface of the metallic body at which the
metallic body is bonded to the ceramic body on the laser
beam-irradiated area is subjected beforehand to a cleaning or
activating treatment in vacuum by the bombardment with
ions of an inert gas or by the irradiation.with an excimer
laser beam. Further, the elevated temperature at which the
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ceramic body and the metallic body are bonded together by
pressing can be in the range from room temperature to
0.5Tm °C., Tm °C. being the melting point of the metallic
material.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic illustration of an apparatus for
practicing the method of the present invention.

FIG. 2 is a perspective view of a composite body con-
sisting of a ceramic part and a metallic part prepared in the
Examples according to the inventive method.

FIG. 3 is a graph showing the bonding strength between
the ceramic part and the metallic part of the integrally
bonded composite bodies prepared in Example 1 as a
function of the temperature of bonding.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As is described above, the most characteristic feature of
the inventive method consists in the pre-treatment of the
surface of the ceramic body prior to pressure welding with
the metallic body by the irradiation with a laser beam so as
to isolate the inorganic or metallic non-volatile constituent
of the ceramic material to form a surface layer.

The material of the ceramic body to which the inventive
method is applied includes, though not particularly limita-
tive, silicon nitride, aluminum nitride, silicon carbide and
zirconium dioxide, of which the above mentioned inorganic
or metallic non-volatile constituent is silicon, aluminum,
silicon and zirconium, respectively.

Various types of lasers can be used for the laser beam
irradiation of the ceramic surface including excimer lasers
such as ArF lasers, KrF lasers, XeF lasers and XeCl lasers,
YAG lasers, carbon dioxide lasers, TEA-carbon dioxide
lasers, semiconductor lasers, dye lasers and the like without
particular limitations.

The metallic material of the metallic body as the coun-
terpart of the ceramic body is not particularly limitative and
metallic bodies of various kinds of metals and alloys can be
successfully bonded to a ceramic body according to the
inventive method. It is desirable that, prior to pressure
welding of the metallic body to the pre-treated ceramic body,
the surface of the metallic body is subjected to an activation
or cleaning treatment in high vacuum by the bombardment
with inert gas ions or irradiation with an excimer laser beam
so that the bonding strength between the ceramic and
metallic bodies can be further increased. By this activation
or cleaning treatment, the oxide layer on the metal surface
can be removed and the absorbed gases can be degassed
when the surface is subjected to pre-sputtering by the
bombardment with ion beams of an inert gas such as argon
from the ion source installed in a high-vacuum chamber or
irradiation with laser beams.

In the method of the present invention, the surface of the
ceramic body is irradiated with a laser beam as mentioned
above so as to isolate the inorganic or metallic non-volatile
element as a decomposition product of the ceramic material
to form a layer over the area irradiated with the laser beam.
Thereafter, the metallic body, preferably, after the activation
or cleaning treatment of the surface is pressed against the
surface of the ceramic body thus coated with a layer of the
isolated inorganic or metallic non-volatile constituent of the
ceramic material at an elevated temperature which can be
relatively low not exceeding 0.5Tm °C., Tm °C. being the
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melting point of the metallic material, so that the ceramic
body and the metallic body are bonded together firmly to
give an integrally conjoined member consisting of a ceramic
part and metallic part. The heating means here is not
particularly limitative including electric resistance heating,
infrared radiation, ion beam bombardment and the like but
the most convenient method is to conduct bombardment
with ion beams.

In the next place, an actual embodiment of the inventive
method is described by making reference to the accompa-
nying drawing. FIG. 1 is a schematic illustration of an
apparatus for practicing the method of the present invention
which consists of a vacuum chamber 1 connected to an
evacuation system 2, focusing lens 4 to focus the laser beam
3 on to the surface of the ceramic body 7 as a part of the
subject materials, ion beam generator 5 for the bombard-
ment of the surface of the metallic body 8 as the counterpart
of the subject materials with ion beams 6 and holders 9a, 9b
for holding the ceramic body 7 and metallic body 8, respec-
tively, in respective positions. The holder 95 can be pivotally
rotated around the axis 10 so that the surface of the metallic
body 8 held by the holder 9b after the activation or cleaning
treatment is brought into contact with and pressed under an
adequate pressing force against the surface of the ceramic
body 7 held by the holder 9a after irradiation with the laser
beams 3.

In the first place, the ceramic and metallic bodies 7, 8 are
mounted on and fixed to the respective holders 9a, 9b in the
vacuum chamber 1 which is then evacuated through the
evacuation system 2 down to a pressure of about 5x107 Torr
followed by the introduction of a small volume of argon gas
as an ion source material into the vacuum chamber 1. The
ion beam generator 5 is then activated to produce ion beams
6 by the ionization of the argon molecules with which the
surfaces of the ceramic body 7 and metallic body 8 are
bombarded to effect activation or cleaning of the surface.
Thereafter, the surface of the ceramic body 7 is irradiated
with the laser beam 3 through the focusing lens 4 so as to
isolate the inorganic non-volatile constituent in the ceramic
material on the surface to form a coating layer over the
irradiated area, with which the activated or cleaned surface
of the metallic body 8 is brought into contact under an
adequate pressing force by pivotally rotating the holder 95
around the axis 10 to effect press welding of the ceramic and
metallic bodies 7, 8, which are heated by the bombardment
with ion beams 6 to an elevated but relatively low tempera-
ture not exceeding 0.5Tm °C., Tm °C. being the melting
point of the metallic material.

The thus obtained integrally conjoined body consisting of
the ceramic and metallic parts can be used advantageously
with high reliability as a part of various kinds of machines
and electronic instruments because bonding of the ceramic
and metallic bodies can be efficiently conducted at a rela-
tively low temperature at which each of the ceramic and
metallic materials is safe from degradation of the material
and deformation of the bodies.

In the following, the method of the present invention is
described in more detail by way of examples, which, how-
ever, never limit the scope of the invention in any way.

EXAMPLE 1

Experiment was conducted by using the apparatus sche-
matically illustrated in FIG. 1. In the first place, a 15 mm by
10 mm wide plate of silicon nitride 7 having a thickness of
1 mm and a cylindrical rod of pure copper 8 having a
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diameter of 6 mm and length of 10 mm were mounted on and
fixed to the holders 9a and 9b, respectively, installed in the
vacuum chamber 1 which was evacuated down to a pressure
of about 5x107° Torr. Each of the ceramic and metallic
bodies 7, 8 was bombarded for 5 minutes with ion beams of
argon at an accelerating voltage of 4 kV with a current
density of 0.15 mA/cm? on the surface to effect activation or
cleaning of the surfaces. Thereafter, the surface of the silicon
nitride plate 7 over an elliptic area having a longer axis of
6 mm and a shorter axis of 2 mm was irradiated pulsewise
with 100 pulses of a laser beam 3 from a KrF excimer laser
focused by means of a focusing lens 4 of fused quartz glass
to give an average energy density of 0.3 J/mm? per pulse on
the irradiated area so that elementary silicon was isolated on
the irradiated area to form a layer of the element. The copper
rod 8 held on the holder 95 was rotated around the axis 10
so that the end surface of the copper rod 8 was brought into
contact with the surface of the silicon nitride plate 7 on the
area irradiated with the laser beam and pressed against the
silicon-coated silicon nitride surface with a pressing force of
16 kg corresponding to a pressure of 20-25 kgf/mm? for 1
hour, during which the copper rod 8 and the silicon nitride
plate 7 were heated at a temperature not exceeding 350° C.
for 1 hour by resuming the bombardment with argon ions at
an accelerating voltage of 4 kV with a current density of 0.4
mA/mm?,

FIG. 2 of the accompanying drawing is a perspective view
of the thus obtained integral body consisting of the silicon
nitride plate 7 and the copper rod 8 bonded together.
Substantially no denaturation of the silicon nitride surface or
deformation of the copper rod was found excepting micro-
scopic deformation of the end surface of the copper rod to
fill up the microscopic ruggedness of the ceramic surface
because the bonding was conducted at a temperature much
lower than the decomposition temperature of silicon nitride,
i.e. 1878° C., and melting point of copper, i.e. 1083° C.

The above described bonding procedure of a silicon
nitride plate and a copper rod was repeated in substantially
the same manner except that the temperature of heating
during press-bonding was varied in the range from 280° C.
to 36020 C. by adjusting the current density of the argon ion
beams and the thus integrally conjoined bodies were sub-
jected to the measurement of the bonding strength between
the part of silicon nitride and the part of copper to give the
results shown by the graph in FIG. 3 of the accompanying
drawing as a function of the bonding temperature. As is
shown in this figure, the bonding strength was at least 10
kg/mm? in each of the experiments evidencing the practical
usefulness of the inventive method.

The two solid lines in FIG. 3 encompass the range in
which the values of the bonding strength as determined are
distributed and do not represent the average values. Need-
less to say, a parameter such as the interfacial bonding
strength is unavoidably subject to a considerably large
variation, even if the preparation and testing conditions are
identical. In other words, the lower line indicates a lower
limit of the bonding strength which can be likely obtained
according to the inventive method, while the upper line
indicates the upper limit of the bonding strength which can
hardly be exceeded by the inventive method.

EXAMPLE 2

The same experimental procedure as in Example 1 was
repeated by replacing the silicon nitride plate with an
aluminum nitride plate of the same dimensions. The results
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were as satisfactory as in Example 1 with no denaturation of
the ceramic and metallic materials and substantially no
deformation of the bonded parts excepting microscopic
deformation of the end surface of the copper rod as men-
tioned in Example 1.

What is claimed is:

1. A method for bonding of a ceramic body and a metallic

body which consists essentially of the steps of:

() irradiating the surface of the ceramic body in vacuum
with a laser beam so as to isolate an inorganic or
metallic non-volatile element which is a decomposition
product of the ceramic material in the form of a layer
on the surface of the ceramic body;

(b) subjecting the surface of the metallic body which is to
be bonded to the surface of the ceramic body of step (a)
to a cleaning or activating treatment in vacuum by the
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bombardment with ions of an inert gas or by irradiation
with an excimer laser beam; and then

(c) pressing the surface of the metallic body of step (b) in
vacuum at an elevated temperature against the surface
of the ceramic body covered with the layer of the
inorganic or metallic non-volatile element as the
decomposition product of the ceramic material of step
(a) to effect pressure welding.

2. The method for bonding of a ceramic body and a
metallic body as claimed in claim 1 in which the elevated
temperature at which the metallic body and the ceramic
body are pressed against each other in step (c) is in the range
from room temperature to 0.5Tm °C., Tm °C. being the
melting point of the metallic material.
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